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INTRODUCTION 
The object of the following experiments was to gain information 
concerning the fate of a radioactive food fed to rats which had been 
made deficient in essential fatty acids (EFA). 
Essential fatty acid, protein and fat relationships have received 
much attention in the recent literature because of their suspected involve-
ment in atherosclerosis ( 1) and because of possible roles of EFA in 
protein metabolism (2). Although the symptoms of an EFA deficiency 
have been known for a number of years (3), the precise metabolic 
functions responsible have not been clearly defined, although an un-
coupling of oxidative phosphorylation occurs (4) and Sinclair (5) ex-
plained the accumulation of phospholipids and cholesterol esters in the 
epidermis of rats on the basis of the abnormal forms of these lipids 
which occur in the absence of adequate linoleic acid. 
These experiments were designed to determine the effect of kinds 
and proportions of dietary fats and proteins on the distribution of a 
high protein C14-labeled food in rats which have been on a low protein-
fat free diet and show the typical EFA deficiency symptoms of scaly 
paws and ringed tails (3). Tarver et al. (6) grew Rhodospirilliim rubrum, 
a photosynthetic bacterial species, on a medium containing C140, and 
ethanol as the only carbon sources and obtained cells which contained 
11.5% nitrogen after drying and fat extraction. Such a cell preparation 
can serve as a tracer source to determine the pattern of dietary (re-
labeled food metabolites in the protein and lipid of tissues under different 
dietary conditions. 
'This study was part of a Northeast Regional Project (NE-37, Relationships be-
tween Protein and Other Selected Nutrients and their Metabolism and Utiliza-
tion); a cooperative study involving Agricultural Experiment Stations in the 
Northeast Region and supported in part by regional funds, 
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EXPERIMENTAL 
The Rhodospirillum rubrum was grown according to the procedure 
developed by Tarver (6) except that a longer period of growth was 
allowed. The Na,C1 403 was prepared by the reaction of 36% HC104 
with a BaC14Oa suspension and the subsequent trapping of the freed 
C140., with 1% NaOH. Nitrogen, passed through the reaction mixture 
slowly for an hour, transferred over 99% of the C1 402 into the NaOH. 
Non-radioactive Na.CO., was also added to the growth medium to give 
the required amount of carbonate for cell growth. 
The radioactive cells were harvested by centrifugation at 5000 rpm, 
washed and extracted several times with hot ethanol followed by ether. 
The activity in the extracted cells was over 5 million counts per minute 
per milligram and depended on the level of C1 402 in the growth medium. 
The counting system consisted of a Tracerlab SC-51 Autoscaler 
and a Packard Model 210 Flo-Window Counter using a Tracerlab gas 
mixture of helium, isobutane and butadiene. Self absorption corrections 
were made. 
The diets consisted of 8 or 20% casein or soybean protein2, 0.3% 
DL-methionine, 4% Hubbell, Mendel and Wakeman salt mix, 0.2% 
choline chloride, 4% alphacel, a fat ( 5 % lard3, 5% corn oil4, or 1% 
linoleic acid5) or no fat, and sucrose as needed to make 100%. One 
hundred grams of diet contained 0.4 mg. vitamin A acetate, 0.02 mg. 
calciferol, 20 mg. inositol, 2 mg. menadione, 30 mg. p-aminobenzoic 
acid, 4 mg. niacin, 1 mg. riboflavin, 0.4 mg. pyridoxine-HCl, 0.6 mg. 
thiamine HCI, 4 mg. calcium pantothenate, 0.02 mg. biotin, 0.05 mg. 
folic acid, 0.004 mg. vitamin B12 and 5 mg. alpha tocopherol. 
The radioactive Rhodospirillum rubrum cells were thoroughly 
mixed with 6 g. casein or soybean protein, and the mixture was divided 
equally among the four diets to give 7.1 or more mg. cells per 100 g. of 
diet. 
Male rats (Wistar) which had been on the fat-free 8% casein diet 
from the time that their weights were 50 grams each until the feeding of 
the tracer diets were used to make up all groups. The four 8% casein 
groups were set up as follows: Eight rats were housed individually in 
stainless steel metabolism cages, and one of the following diets was fed 
to two of the rats—8% casein + 5% lard, 8% casein -)- 5% corn oil, 
8 % casein -\- 1 % linoleic acid and 8 % casein + no fat. The rats had 
2
 Nutritional Biochemical's Vitamin Free Casein or Drackett Assay Protein C-l, 
both of which are over 90% protein. 
3
 The lard was kindly donated by the Reliable Packing Company. 
4
 Mazola Corn Oil. 
5
 Baker Castor Oil Company's 9-11 acids which contain about 65% linoleic acid. 
EFFECT OF DIET ON C14 DEPOSITION 5 
access to these rations for 101 hours. Urine and feces were collected sep-
arately. This procedure was repeated with eight more rats resulting in 
four rats for each fat diet and 16 rats receiving 8% casein. The 20% 
casein and 20% soybean protein experiments were set up in the same 
manner, also using rats which had been on the fat-free 8% casein diet 
until the feeding of the tracer diets. 
Each rat spent three hours in a large jar into which air was pumped, 
and from which metabolic C02 was collected in 4% NaOH solution. An 
aliquot of this solution, containing NaX^O.., was measured for radio-
activity. The value obtained was extrapolated to cover the 101 hour 
period. 
Two series of experiments were done, one in which several tissues 
were removed and counted without fat extraction and the second in which 
four of the tissues were removed and extracted and the lipid and protein 
fractions counted. The procedures up to the time of the sacrifice of the 
animals were identical. 
I. TRACER ACTIVITY IN UNEXTRACTED TISSUE 
FRACTIONS. 
After the 101 hour feeding period, the rats were anesthetized with 
ether and 2 ml. of blood were removed by heart puncture. After decapita-
tion the following fractions were removed: liver, heart, brain, stomach 
and intestines (including contents), other viscera (including kidneys, 
spleen, testes and lungs) and a two inch piece of the tail. The remainder 
after these fractions were removed was designated as the carcass. All 
fractions were dried to constant weight in a vacuum oven and digested 
in formamide according to a procedure adapted from Pearce et al. (7). 
Two samples from each digest were placed on weighed planchets con-
taining lens paper and the excess formamide was removed by heating 
on a steam plate. A sample size of 10 mg. was most desirable for count-
ing the radioactivity. Feces samples were dried, powdered, treated with 
formamide on the planchet and counted with no lens paper. The urine, 
cage washings and CCX-containing solutions were counted without lens 
paper also. 
RESULTS AND DISCUSSION 
In Table 1 are the data relative to initial weights, weight changes 
and grams of food consumed. During the relatively short feeding period 
all rats on the 8% casein diets lost weight. Since rats on the 8% casein-
no fat diet lost weight although they had gained weight on the same diet 
prior to the tracer experiment, it is probable that the general weight loss 
can be attributed to the environmental change occasioned by removal to 
metabolism cages. 
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TABLE 1 
Animal weights and gains and rations consumed 
Diet 
Number 
of 
rats 
Initial 
rat 
weight 
101 
hour 
gain 
Grams 
ration 
consumed 
8% Casein + 
5% Lard 
5% Corn oil 
1 % Linoleic acid 
No fat 
4 
4 
4 
4 
211± 7 
213±10 
211± 6 
218±10 
- 5.8±1.4 
- 7.8±1.2 
-19.8±3.6 
-18.5±2.3 
34.3± .5 
32.1±1.1 
34.5± .3 
34.5± .3 
All $re casein diets 16 213±3.7 —11.7=!= 1.6 33.8± .4 
20% Casein + 
5% Lard 
5% Corn oil 
1% Linoleic acid 
No fat 
4 
4 
4 
4 
114±28 
106±21 
108±23 
111±25 
19 ± 6 
28 ±2.5 
17 ± 1 
20 ± 3 
45.8±4.1 
52.5±2.9 
42.9±6.2 
46.7±4.4 
All 20% casein diets 16 109±11 20.7±1.9 47.0±2.3 
20% Soybean protein + 
5% Lard 
5 To Corn oil 
1% Linoleic acid 
No fat 
4 
4 
4 
4 
146±13 
142±11 
166± 6 
149± 7 
14 ±4.7 
25 ± 4 
14 ± 6 
10 ±1.7 
51.3±1.8 
56.9±2.8 
56.6±3.1 
50.3±5.7 
All 20% soybean protein diets 16 151±4.9 15.6±2.4 53.8±1.8 
Standard errors of the means are included. 
To assess the relative distribution of the C14 from the Rhodospiril-
lum rubrum (largely protein) in the various tissues, comparisons were 
made as ratios of specific activities of each tissue fraction to that of the 
carcass arbitrarily assigned a value of 1.00. Such a comparison is inde-
pendent of the total radioactivity consumed. Comparisons were made 
for each animal, and the results are presented in Table 2 as averages for 
the four animals on each fat variation and for the sixteen animals on 
each protein variation. 
As the data in Table 2 indicate, ratios for each tissue are nearly the 
same for the groups receiving the same protein. In general, tissue activi-
ties are more nearly alike when animal and vegetable proteins were fed 
at equal levels (20%) than when an animal protein was fed at two 
different levels ( 8 and 20% ). (Activity of the tail piece was an excep-
tion.) The 8% casein groups had a greater fraction of C14-activity in the 
liver, heart, brain and visceral fraction but less in the blood. 
For each fat-protein combination, differences in the ratios among 
the various tissues are apparent. Since the stomach and intestinal fraction 
contained undigested food and feces, it cannot be compared to other 
tissues. 
In Table 2, the data allow comparison of the relative tissue ac-
I ABLE 2 
Ratio ol the counts per minute per giam of various fractions compared to the carcass as 1.0(1 
Diet Liver 
3.94:':.29 
3.21 t .22 
3 . I 9 ± . 5 1 
3.08 t . 46 
Heart 
1.13±.14 
.97: ' ; . 18 
i.oo -•• ">•> 
l . 00± .21 
Blood 
,14± .02 
.11± .02 
.11± .03 
,10± .03 
Brain 
.47 ± .10 
.46 ':.(iy 
.27: ' ; . 12 
.68 ± . 2 1 
Stomach 
intestines 
10.4 ':3.0 
8.2 t l . 5 
10.2 t 2 . 2 
6.4 t l .5 
Other 
viscera 
fail Fee 
3 3 . 0 ± 
26 .4± 
26.5 ± 
3 0 . 2 ± 
2 9 . 0 ± 
5S 
8% Casein + 
5% Lard 
5% Corn oil 
1% Linoleie acid 
N o fat 
1.45 ± . 2 3 
I . 1 8 ± . l 7 
1.52±.21 
1.23±.25 
,33± .07 
,34± .07 
.36± .09 
.31 ± . 0 5 
8.9 
9.5 
13.2 
12.7 
All S% casein diets 3 . 3 5 ± . 1 7 * * 1 . 0 2 ± . 0 6 * . i l ! ; . 0 1 * * . 4 7 ± . 0 6 : • 8 .8± .9 1 .34±.09 ' . 3 3 ± . 0 2 4.9** 
20% Casein + 
5 % Lard 
5% Corn oil 
lcc Linoleie acid 
No fat 
1.41 ± . 2 7 
l . 64± .29 
l . 8 7 ± . 2 9 
1.98±.39 
,31± .13 
.38± .14 
.41± .16 
. 25± .12 
63 i . 2 0 
,25± .02 
. 7 6 ± . I 2 
.92 t . 1 6 
,14±.(17 
.11± .06 
.14±.()5 
,06±.O2 
3.39:'; .96 
3 .62±1.49 
5.19±1.2() 
4.35 ±1 .42 
1.08±.21 
1.07±.17 
9 1 ± . 3 2 
1 . I6±.18 
. 3 7 ± . 1 4 
. 30± .12 
.39± .13 
.23 ± . 0 6 
15 .6± 
12 .6± 
14.8± 
13.8± 
1.9 
1.8 
2.5 
2 2 
All 2 0 % casein diets 1.73±.13 . 3 4 ± . 0 4 . 65 ' ; . 08 .11 ± . 0 3 4 1 4 ± .56 1 . 0 5 ± . l l . 3 2 ± . 0 4 14 .2± .71 
2 0 % Soybean protein 4-
5 % Lard 
5% Corn oil 
1 % Linoleie acid 
N o fat 
2 .49± .64 
1.70±.84 
1.61±.78 
l . 6 1 ± . 5 8 
.21± .09 
. 19± .08 
.20± .07 
. 18± .08 
. 81± .15 
, 79± .18 
,54± .22 
,44± .21 
,11± .03 
,10± .02 
,09± .02 
. 1 1 ± . 0 4 
1.82± .67 
2 .58± .62 
2 . 9 8 ± .84 
2 . 2 8 ± .43 
.79± .27 
1.01 ± . 3 5 
. 93± .33 
, 58± .26 
,06± .01 
.06 ± . 0 4 
, 12± .04 
, 15± .05 
11.6± 
I 3 . 5 ± 
11.4± 
13.4± 
2.4 
2.0 
1.7 
2.0 
All 2 0 % soybean protein 
diets 1.85±.32 . 2 0 ± . 0 3 : * ,64± ,08 ,10± .01 2 . 4 2 ± .33 , 8 3 ± . 1 2 , 1 0 ± . 0 2 * * 12 .4± .72 
* Significantly different from the 20% casein average at the 5rr level. 
::
 * Significantly different from the 20% casein average at the 1% level. 
Standard errors of the means are included. 
8 MAINE AGRICULTURAL EXPERIMENT STATION TECHNICAL BULLETIN ] 
tivities for each diet group. Similar comparisons were made for specific 
activity of the carcasses from the twelve groups of four rats. The 8% 
casein-no fat group, designated as 100, can be considered as the control 
group since the rats in this group were maintained on the same diet 
throughout the preliminary and experimental periods. Because the total 
amount of C14-protein consumed, as well as the initial weights, was 
slightly different for each rat, comparisons were made on the basis of 
counts per minute per gram of carcass per million counts fed per 100 g. 
of rat. Averages of the ratios for four rats in each of the twelve groups, 
as well as the information to calculate the C14-activities, are presented 
in Table 3. 
TABLE 3 
Ratios of the counts per minute per gram per 
million counts fed per 100 grams of rat 
for the carcasses1 
Diet 
8% Casein + 
5% Lard 
5% Corn oil 
1 c,'c Linoleic acid 
No fat 
209f Casein + 
5% Lard 
5% Corn oil 
1% Linoleic acid 
No fat 
20% Soybean protein -f-
5% Lard 
5fr Corn oil 
1 % Linoleic acid 
No fat 
1
 The carcasses with the fractions mentioned in 
Table 2 removed. 
Standard errors of the means are included. 
With one exception, the highest level of C14-activity was found in 
the carcasses of animals that had received the four 8% casein diets. 
The exception occurred in the 20% casein-5% corn oil group in which 
the carcass activity was higher than the 8% casein-no fat group. Also, 
a trend in the direction of a smaller proportion of C14 being fixed in the 
carcass is indicated when linoleic acid and no-fat are fed in contrast to 
lard or corn oil. These effects may be due to extra energy supplied 
by the fat, to decreased protein utilization in the absence of fat, or to a 
combination of both. For each different dietary protein, animals on the 
corn oil diet appear to he the most efficient in utilizing the dietary C14-
Ratio 
5870= 100 
154±24 
204±26 
I17±15 
100± 8 
95±28 
105±28 
78±13 
89±18 
68± 6 
86± 6 
70± 9 
60± 3 
TABLE 4 
Percentages of fed C '-activily found in (lie tissue, urine, feces and CO., 
Other Total 
Diet Carcass tissue"'" tissue Urine Feces CO. 
S'c Casein + 5 r r lard 
8<~r Casein -+- spr> corn oil 
8 ^ Casein - j - \"c linoleic acid 
6cc Casein -\- no fat 
2 7:'-: 5 
35-' 6 
1 9 ± 3 
1 8 ± 2 
6 . 4 ± 
6 8 t 
4.4 t 
3.5 ± 
.8 
.1 
6 
.02 
3 3 ± 6 
421-6 
23 J . 4 
2 2 ± 2 
5 .7±2 .6 
5 .5±2 .4 
3 .6±1.3 
2 .8±1 .1 
3 3 ± 
36:1 
2 6 ± 
2 2 ± 
3 
X 
2 
7 
2 5 ± 4 s * 
2 0 ± 3 « 
5 2 ± 7** 
2 7 ± 3 : * 
20<> Casein + 5 r r lard 
2{)c'c Casein - j - 5 ' r corn oil 
2 0 r r Casein - j - lie linoleic acid 
20c'c Casein -)- no fat 
1 6 ± 5 
1 8 ± 5 
131:2 
1 5 ± 4 
2 . 4 ± 
3 .0± 
2 . 4 ± 
3 .0± 
.8 
.8 
.3 
.7 
1 8 ± 6 
2 1 ± 6 
1 5 ± 2 
I 8 ± 5 
1.7± .7 
0 . 8 ± 1 
(1.7± .2 
U.7± .1 
2 0 ± 
191: 
14± 
1 8 ± 
3 
2 
4 
i 
1 1 ± 2 
9 1 : 1 
1 3 ± 6 
2 9 ± 7 
2() rr Soybean protein + 5 ro lard 
20% Soybean protein -+- 5 r e corn oil 
20 r f Soybean protein - j - 1% linoleic acid 
2!K"f Soybean protein -+- no fat 
1 1 ± 1 
15± .8 
1 2 ± 2 
U ± . 7 
3 .6±1 
3 . 1 ± 
2 . 8 ± 1 
2 . 1 ± 
.1 
.8 
.2 
.7 
1 5 ± 2 
18±2 
1 5 ± 3 
1 3 ± 1 
2 . 3 ± 4 
2 . 9 ± .3 
2 . 9 ± .5 
2 . 5 ± .2 
1 1 ± 
1 7 ± 
1()± 
9 . 7 ± 
i 
1 
3( l± 5 
2 8 ± 1 1 
31 ± 10 
3 1 ± 1 2 
* Does not include stomach, intestines and contents. 
** Taken from a difTerent group of animals on this diet due to technical difficulties. 
Standard errors of the means are included. 
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protein. The lower C14-activity in the rat carasses from the 20% soybean 
protein groups is apparently not related to a failure to accept a change 
in protein as weight gains were adequate. 
In Table 4, the C14-activity in tissues, urine, feces and exhaled car-
bon dioxide is presented as the per cent of activity found to the activity 
fed. These percentages were calculated for each rat and are presented as 
averages for the four rats in each of the twelve experimental groups. 
The proportion of the dietary C14 deposited in the tissues was about 
the same for the 20% casein and the 20% soybean protein groups; both 
of these groups had lower tissue activities than the 8% casein groups. 
For each of the dietary proteins, the C14-content of the tissues was great-
est when corn oil was fed. Rats receiving 8% casein-5% corn oil or 8% 
casein-5% lard fixed more of the tracer carbon in the tissues than did 
those receiving 8% casein-1% linoleic acid or 8% casein-no fat. The 
per cent of C14 in the urines of rats fed 8%> casein with either lard or 
corn oil was also higher than the other groups. Urine from rats fed 
20% soybean protein contained a higher per cent of activity than that 
from rats fed 20%' casein. Fecal tracer levels are probably due to un-
assimilated cellular material from the Rhodospirillum rubrum cells, to 
some material from digestive juices and mucus, and to a small degree 
of contamination with radioactive food. 
Extrapolating the activity of the exhaled C1402 from 3 to 101 hours 
gives an approximate value only. This activity is undoubtedly quite low 
because the rats were relatively quiet during the collection period, prob-
ably as a result of the restricted space. The inability to obtain an accu-
rate sample of C140.,, as well as the limited accuracy of the counting 
system, probably accounts for the percentages (including the stomach 
and intestinal fractions and the cage washings) not totaling 100 per cent. 
When the results are considered in relation to the groups receiving 
the same level and kind of protein, few comparisons differ significantly 
at the 5% level of probability. Among the three major protein diets, 
however, comparisons are significantly different in many cases. The data 
in Tables 2, 3 and 4 indicate a consistent effect of the dietary protein on 
the amount of C14 deposited. The greater deposition of C14 in the tissues 
of rats fed 8% casein as compared with those fed 20% casein is an un-
expected finding. Although none of the rats had reached full growth, 
those fed 8% casein lost weight slightly, but those fed either 20% casein 
or 20% soybean protein gained weight. Since the control rats (8%casein-
no fat) lost weight, the loss may be related to the change in cages. It is 
also possible that the C14-protein fed with the 20% casein and the 20% 
soybean protein is being converted to components other than those 
measured in these experiments. 
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SUMMARY 
A method is presented for the use of radioactive Rhodospirillum 
rubrum cells, which are largely protein, to test the effect of various diets 
on the deposition of C ' in the tissues. 
Rats previously on an 89r casein-no fat diet were given combina-
tions of 8% casein, 20% casein or 20% soybean protein and 5% lard, 
5% corn oil, 1% linoleic acid or no fat. The tracer Rhodospirillum 
rubrum cells were mixed in all diets, and the diets were fed for 101 
hours. 
The relative distribution pattern of C1' in the rat tissues was in-
fluenced more by dietary protein than by dietary fat. 
The total amounts of tracer carbon were highest in the tissues of 
rats receiving 8% casein, while the levels in the 20% casein and the 
20% soybean groups were nearly the same and lower. The greater 
deposition of C14 in the tissues of 8% casein groups occurred even 
though the rats on 8% casein lost weight, while those on 20% casein 
and 20% soybean protein gained. 
For each of the three protein diets, the corn oil groups had a higher 
C14-level in the tissue. The linoleic acid and no-fat groups had similar 
but lower C14-levels. 
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II. TRACER ACTIVITY IN TISSUE LIPID AND PROTEIN 
FRACTIONS. 
In a second experiment with a 101 hour feeding period, the brain, 
heart and liver were removed and a 2 gram portion of thigh muscle was 
taken from the same location on each rat. In addition, the kidneys, testes, 
a piece of abdominal skin and adipose tissue were taken from the 20% 
soybean protein groups. The tissues were dried to constant weight in 
a vacuum oven and were extracted for a minimum of six hours with 
2:2:1 ethanol, chloroform and ether in semi-micro Soxhlet extractors. 
The extracted tissues were suspended in formamide and samples pre-
pared as mentioned previously. Lipid samples were prepared by placing 
portions of the lipid extracts on planchets and evaporating the solvents. 
As with the protein fractions, the final size of the sample was kept as 
close to 10 mg. as possible. 
RESULTS AND DISCUSSION 
Initial weights, changes in weight and grams of ration consumed are 
presented in Table 5. Unpublished data from several experiments with 
rats at these weights in this laboratory show that a weight gain of 9 g. 
occurs for rats fed 8% casein, 15 g. for rats fed 20% casein and 16 g. 
TABLE 5 
Animal weights and gains and rations consumed 
Diet Number 
of 
rats 
Initial 
rat 
weight 
101 
hour 
gain 
Grams 
ration 
consumed 
8% Casein + 
5% Lard 
5% Corn oil 
1% Linoleic acid 
No fat 
4 
4 
4 
4 
260±24 
241±29 
252±12 
285±10 
-21 ± 2 
- 6 ± 6 
-19 ± 5 
-25 ± 9 
44.1±5.9 
58.0±1.2 
53.5±1.7 
57.9±2 4 
All %r"o casein diets 16 259± 9.0 -17.6±2.8 53.4±2.1 
20% Casein + 
5% Lard 
5% Corn oil 
1% Linoleic acid 
No fat 
4 
4 
4 
4 
201±13 
194±10 
208±17 
207±16 
12 ± 3 
21 ±4.5 
9.5±2 
7 ± 6 
58.4±2.1 
58.2±1.5 
55.3±1.5 
58.5±2.1 
All 20% casein diets 16 202± 6.4 12.3±2.3 57.6±0.9 
20fo Soybean protein + 
5% Lard 
5% Corn oil 
1% Linoleic acid 
No fat 
4 
4 
4 
4 
179± 4 
195± 6 
207± 8 
195±11 
9 ±2.4 
9.5±2.8 
- 1.0±4.0 
-11 ± 3 
58.5±0.7 
59.5±0.5 
59.8±1.6 
54.3±5.6 
All 20fr soybean protein diets 16 194± 4.5 1.6±2.5 58.0±1.4 
Standard errors of the means are included. 
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for rats fed 20c'c soybean protein during an equivalent period of time. 
For each rat, the C14-activity found in the protein and lipid of brain, 
liver and heart was compared to that of muscle protein and muscle lipid 
as 1.00 in each case. In Table 6, the data are presented as averages for 
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four rats according to each fat variation and for sixteen rats according 
to each protein variation. 
Since the lipids containing C11 had been extracted from the Rhodos-
pirillum rubrum cells before the diets were prepared, any C14 found in 
the lipids of the rat tissue had to be formed from amino acids and possibly 
from small amounts of sugars and other nutrients released in the diges-
tion of the bacterial cells. 
As indicated previously, the pattern of C14-deposition in the tissues 
is more a function of dietary protein than of dietary fat. In respect to 
protein the order of decreasing ratios is nearly the same when the various 
tissues are compared to muscle tissue as they were when compared to 
the carcass which was not extracted prior to formamide treatment (see 
Table 2 ) . For the 8% casein groups the order of C14-deposition was 
liver>heart=muscle or carcass>brain with the exception of the linoleic 
acid and no-fat groups. For the 20% casein and 20% soybean protein 
groups the order was liver > muscle or carcass > heart > brain, except for 
the protein tissue of the lard and linoleic acid groups receiving soybean 
protein and the casein group receiving corn oil as indicated in Table 6. 
In the case of the lipids extracted from the tissues, the order of C I -
TABLE 7 Ratios of the counts per minute per gram per million counts 
fed per 100 grams of rat for muscle protein and muscle lipid 
Diet Muscle Muscle 
protein lipid 
3840=100 3410=100 
8% Casein + 
5% Lard 77±23 92± 8 
5% Corn oil 97±30 114±30 
1 c/c Linoli :ic acid 94±25 149±25 
No fat 100±34 100±34 
All 8% casein diets 92±13 114±13 
2()ri Casein + 
5% Lard 44±13 215±38 
5% Corn oil 60±13 204±36 
\ci Linoleic acid 69± 4 204±18 
No fat 35± 3 204±11 
All 20% casein diets 50± 5 206±13 
20rr Soybean protein + 
5% Lard 11± 4 109=15 
5% Corn oil 8 ± 2 92=11 
1% Linoleic acid 7 ± 1 113 = 10 
No fat 6 ± 1 92±10 
All 20% soybean protein diets 8 ± 1 99± 6 
Standard errors of the means are included. 
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deposition was liver > heart > muscle > brain with the exception of the 
lard, corn oil and no-fat groups receiving 8% casein. 
In Table 7 the Cu-level of muscle protein and muscle lipid is 
compared to the amount of C" eaten per 100 g. of rat. Ratios in this 
table are comparisons to the 8% casein-no fat group, since the diet for 
this group was a continuation of what the rats had been receiving for 
several weeks prior to the tracer experiments. The protein and lipid ratios 
are roughly comparable since 3840 = 100 for the muscle protein and 
3410 = 100 for the muscle lipid. 
The most striking differences in the comparisons of muscle proteins 
are the higher C14-levels in all of the 8% casein groups and the very low 
levels in the 20% soybean protein groups. All other groups had a lower 
protein C14-level than the control group which received 8% casein and 
no fat. In the 8% casein groups, the C1'-level is nearly the same for mus-
cle lipid and protein, but in the 20% protein groups the lipid CH-level is 
much higher than the protein C14-level. The lipid C'Mevels in the soy-
bean groups are about the same as those in the 8% casein groups, but 
the protein C'Mevel is much lower. Since rats receiving 8% casein lost 
weight and those receiving 20% soybean protein gained or lost slightly, 
the C14 could be deposited preferentially in other tissues in the soybean 
groups. 
In the 20% casein groups, linoleic acid led to the deposition of 
more C14 in muscle protein than did the no-fat diet. Muscle lipid levels 
were higher in the 1% linoleic acid groups for the 8% casein and 20% 
soybean protein diets, although not significantly so. 
Four other tissues were taken from rats on the soybean diets to 
check the possibility of higher lipid C14-levels than in the four tissues 
considered in Table 6. The data are summarized in Table 8 for all of 
the soybean groups, since the fat in the diet had no more effect than that 
shown in Table 7. 
TABLE 8 
Comparison of the C14-activity of some tissue lipids for the 20% soybean groups 
in counts per minute per gram per 106 counts fed per 100 grams of rat 
Testes 744()±940 
Skin 4470±370 
Adipose tissue 1890±150 
Kidney 9010±430 
Muscle 3380±190 
Standard errors of the means are included. 
The lipids of the testes, skin and kidneys show a higher C14-activity 
than the lipids of the muscle tissue, while the adipose tissue shows a low-
TABLE 9 
lipid 
Ratios of levels and total amounts of C14 — r--— 
protein 
Diet Brain Liver Heart Muscle 
Level Total Level Total Level Total Level Total 
8% Casein + 
5% Lard 1.87±.67 1.24±.35 1.43± .35 0.34± .14 2.10± .70 0.78±.26 l . M ± .52 0.17== .06 
5% Corn oil 2.02±.32 1.34±.49 1.17± .52 0.29± .16 1.50± .75 0.68±.26 1.54± .77 0.22± .07 
1% Linoleic acid 1.53±.70 0.97±.24 2 .18± .96 0 .18± .03 5.49±1.74 0.92±.35 1.78±.58 0 .22± .06 
No fat 1.69±.48 1.16±.50 1.65== .51 0.21± .07 2.96± .53 0.53±.17 1.82± .51 0.20± .07 
All 8% casein diets 1.78±.26 1.13±.21 1.61==.30 0.26== .06 3 .02±.59 0.73±.12 1.66± .25 0 .20± .03 
20% Casein 4-
5% Lard 24.9±6.7 14.9±4.4 3.16=*= .37 0.71== .12 19.6± 3.7 3.57±.89 4.96±1.23 1.44± .05 
5% Corn oil 23.8±7.1 7.84±3.1 7.41±2.47 1.31±.28 2 0 . 4 ± 5 . 0 3.00±.47 3.65±1.28 0 .68± .02 
1% Linoleic acid 21.5±5.8 10.1±2.2 9.88±4.55 1.66±.42 2 7 . 2 ± 7 . 0 3.81±.57 2.66±3.50 1.26±.39 
No fat 15.3±5.3 9.01±3.8 5.77± .76 1.16± .18 15.8== 2.0 2.51±.30 5.31=+= .29 1.60=== .14 
All 20% casein diets 21.4±3.1 10.5=i=1.7 6.55±1.33 1.18=== .17 20.7± 2.4 3.22±.30 4.13± .49 1.28± .13 
20% Soybean protein 4-
5% Lard 20.6±5.8 17.8±5.1 14.3± 5.9 4.71±2.07 39.2± 9.8 14.2±4.4 12.7±3.8 3.83± .81 
5% Corn oil 23.3±8.8 17.5±5.7 13.6=== 4.6 3.83±1.00 2 1 . 9 ± 5 . 6 8.11 =±= 2.1 14.3==5.5 3 .36± .39 
1% Linoleic acid 11.7±2.9 10.7±1.3 17.0± 4.2 5.47±1.50 46.5==10.3 20.6±4.7 15.5±3.8 5 .73±.95 
No fat 17.2±7.7 15.0±6.3 9.19± 1.7 2.82±1.15 25.0± 3.1 17.9±8.6 20.5±7.0 6.88±2.O0 
All 20% soybean 
protein diets 18.3±3.1 15.2±2.4 13.5± 2.1 4.21± .70 33.1 =±= 4.3 15.2±2.6 15.7±2.6 5.05± .65 
Standard errors of the means are included. 
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er level which, however, is still very much higher than the protein level of 
the muscle tissue. Fat in the diet caused no significant differences in the 
C14-level in the adipose tissue. 
Since tissues vary in per cent of lipid, the data in Table 9 are pre-
sented as comparisons of levels and total amounts of lipid-C14 to protein-
C14 in the same tissue. The ratios were calculated for each rat, then for 
the group, and finally for the 16 rats on a protein regimen. 
The C14-level of lipid is higher than the C14-level of protein in all 
cases, and dietary protein is more influential than dietary fat in determin-
ing this level. 
When the total amount of C14 in the tissue lipid is considered, it is 
seen that all tissues from rats on the 20% casein diets except two had 
more total C14 in the lipid than in the protein, although the percentage of 
protein in each tissue is higher. The tissues from all but three groups on 
the 89c casein diets had less total C14 in the lipid. The three exceptions 
involved brain tissue where the percentage of lipid is highest. 
It is of interest to note that for all protein diets, the linoleic acid 
groups have both the highest ratios and total amounts for liver and heart 
tissues with the exception of liver tissue from the 8% casein groups which 
had a lower total amount. 
If these lipid to protein ratios hold for all lipids, cholesterol synthe-
sis from non-lipid metabolites might also be expected to be higher in 
the 209c casein groups. Experiments are under way to test this hy-
pothesis. 
The C14 in the diets came largely from the protein of the Rhodo-
spirillum rubrum cells, and it is the amino acids from the bacterial pro-
tein which are converted to lipids. In this type of nutrition experiment 
it is more desirable that the tracer amino acids come from the protein 
rather than individually added amino acids, since this condition more 
nearly resembles the digestion of natural protein. 
The metabolic pathways from amino acids to other metabolites, 
acetyl coenzyme A, for instance, are well known. However, the degree 
of conversion of the carbon atoms of the amino acids to lipids is not so 
well known. In this work, the identity of much of the carbon from the 
dietary C14-protein is established in the tissue lipid. Comparisons of the 
other protein groups with the 89c casein no-fat group (the control) 
show that dietary protein affects the partitioning of the C14-amino acids 
from the dietary protein between utilization in protein tissue and conver-
sion to lipids. Dietary lipid does not influence this partition in a manner 
clearly detectable in the tracer concentrations. 
In Table 10 tracer activity of carbon dioxide, urine and feces is 
presented as the percentage of the dietary C14-protein found in the carbon 
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dioxide, feces and urine. Since there were no large differences within 
groups receiving the same protein, these data are presented by protein 
diets only. 
TABLE 10 
Total C14 from CO.,. feces and urine as percentages of the C14 fed 
Diet CO, Feces Urine 
All 8% casein diets 31.0±3.8 20.1±2.1 5.17±,53 
All 20% casein diets 37.8±4.9 20.4±1.8 3.96±.31 
All 20ff soybean protein diets 33.8±2.2 16.8±1.0 3.13±.17 
Standard errors of the means are included. 
The C1402 percentage was approximately the same for all groups as 
was the C14-content of the feces. The 8% casein groups showed the most 
C14 in the urine. A comparison of these data with those found previously 
in Table 4 shows three large differences. In the feces, the average per-
centage of C14 for the 8% casein groups was 29% previously and 20% 
in these experiments. The 20% casein groups average 15% C140;. pre-
viously and 38% C140., here, and 1%. urinary-C14 against 4% here. 
The feces of the 20% soybean protein groups were extracted in 
order to determine the C14 in fecal lipids. The data are presented in 
Table 11. 
TABLE 11 
Fecal lipid extraction data for 20% soybean protein groups 
Per cent extractable lipid 4.50±.30 
Counts per minute per gram per 106 counts 
fed per 100 gm. of rat 191,000±27,000 
Ratio, counts per minute per gram of 
fecal lipid to counts per minute 
per gram of extracted feces 2.66±.85 
Standard errors of the means are included. 
It is quite likely that cholesterol makes up a significant portion of the 
highly active lipid. According to data compiled by Deuel (8) the total 
sterol in rat feces makes up 10% of the fecal lipid. In this work, the 
percentage of fecal sterol would be higher since the feces were not 
acidified for extraction and lipid salts were not included. Lard, corn oil 
and linoleic acid had no significant effect on either fecal lipid content or 
fecal C14-level. 
The data presented in this bulletin offer no indication of the function 
of linoleic acid, or, indeed, of corn oil or lard in the deposition of C14 
from amino acids in the lipid and protein of the tissue. Instead, the lack 
of effect of the dietary lipid is shown. 
The high sucrose concentration in these diets might have masked 
possible effects of lard, corn oil or linoleic acid on tissue deposition of C14 
SUMMARY 
Rhodospirillum rtibrwn cells (grown on C140,), with lipids ex-
tracted, were used as tracers to investigate the influence of dietary pro-
teins and lipids on the relative amounts of C14 in the protein and lipid of 
brain, liver, heart and muscle tissue. 
Distribution of the C14 in both tissue lipid and tissue protein was 
affected more by type and level of dietary protein than by dietary fat. 
The ratio of lipid-C14 to protein-C14 in the tissue is more a function 
of dietary protein than dietary fat for both the level and the total amount 
of C14-activity. 
The C14-activity level of tissue protein was nearly twice as great in 
the 8% casein groups as in the 20% casein groups and about eleven 
times as great as the 20% soybean protein groups. 
The C14-activity level of tissue lipid was twice as great in the 20% 
casein groups as it was in the 8% casein and the 20% soybean protein 
groups. 
In all groups the C14-level in the lipid fraction of the tissue was 
higher than the level in the protein fraction. The lipid-C14 to protein-
C14 ratio is much higher in the 20% casein groups and still higher in the 
20% soybean protein groups. 
The total C14 was higher in tissue lipid than in tissue protein for the 
20% casein and 20% soybean protein groups. For the 8% casein groups 
the total C14 was lower in tissue lipid than in tissue protein except for 
brain tissue from three groups on this diet. 
For rats on 20% soybean protein diets, the relative C14-activity of 
tissue lipids was: kidney 2.66, testes 2.20, skin 1.30, muscle 1.00 and 
adipose 0.56. 
The lipid fraction of the feces from the 20% soybean protein groups 
was 56 times as active as the muscle lipid in C14 
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